Two morphologically different populations of snail, Melanoides tuberculata (Muller, 1774) 
INTRODUCTION
The prosobranch snail Melanoides tuberculata (Muller 1774) is a cosmopolitan species. It is wide spread in fresh and brackish water bodies of eastern and northern Africa (Brown 1980) , south east Asia (Brandt 1974) , India (Dutt & Bali 1980) , USA (Dundee & Pain 1977) , the Mediterranean region (Schutt 1983) , and the Arabian Peninsula (Brown and Wright 1980) . This snail acts as an intermediate host for many digenetic trematodes (Mohandas 1976; Haseeb 1984; Ismail & Saliba 1985; Ismail et. al. 1988; Ismail 1990; Ismail & Arif 1991) . This feature has attracted the attention to study its population dynamics, and reproduction (Livshits & Fishelson 1983; Dudgeon 1986; Ismail & Arif 1993) .
In Jordan, M. tuberculata infests most of water bodies, including Azraq Oasis, which is part of the Jordan's Eastern Desert. Two morphologically different populations of M. tuberculata were observed. One at the hot spring, where the water temperature was several degrees higher than the ambient temperature, and there was thick growth of aquatic algae, and the second at water pools of Azraq, where the water temperature is ambient and the bottom is covered with detritus. Snails at the hot spring looked larger than snails from pools. A number of studies have used allometry and growth models to study the population structure, growth modeling, and shell morphometrics of a number of snails. Ismail and Elkarmi (2006) reported on the age, growth and shell morphometrics of Monodonta dama from the Gulf of Aqaba, Elkarmi and Ismail (2006) studied the population structure and shell morphometrics of Theodoxus macri from Jordan, Grossowicz et al. (2003) examined the distribution of Melanopsis snail and Heller et al. (2002) reported on the systematics of Melanopsis from the coastal plain of Israel.
This study was thus initiated to study the effects of the difference in water temperature on the shell morphometrics, age, and growth of the two populations of Melanoides tuberculata and quantify the differences in shell morphometrics and other parameters found between the two populations of this snail.
METHODS

Study Area
Azraq Oasis lies in the Jordan Desert, 85 km east of Amman, in the northern part of the great Arabian Peninsula. It's the only area of permanent water in this region. Its water is supplied by two springs, one in North and the other is in South Azraq. Midway, there was a small hot spring. Its water temperature was estimated to be about 7 o C degrees higher than ambient water temperature of other freshwater pools. This area is characterized by cold winters and usually very dry, hot summer, temperature may exceed 40 o C in the hot season, while it may go down up to -10 o C during the coldest days of the year. The soil is mostly saline, sandy-loam or mud flats. Rainfall ranges from 50-100 mm/year and the mean annual rainfall is mostly 50 mm. Altitude is usually about 600-700 rarely exceeds that in some parts (AlEisawi 1996) . There was no connection between hot spring and other pools. The government decided to close off the hot spring during spring of year 2000. Azraq freshwater pools are infested with several snail species.
Most predominant are Melanopsis proemorsa and Melanoides tuberculata. Only M. tuberculata survived at the hot spring. A dense growth of algae was also noticed at the hot spring.
Sampling and Analysis
M. tuberculata snails were randomly collected by hand picking from the hot spring. Similarly, M. tuberculata snails were collected from the freshwater pools. In the laboratory, shell length, shell width, aperture length, and aperture width were measured using vernier calipers, to the nearest 0.1 mm. The shell of snails collected from the freshwater pools (N=182) were separated from soft tissues and both fractions were dried to constant weight at 100 °C. The dry weights of shell and soft body were weighed nearest to 1 mg. Measured snails were divided into size groups of length intervals which were estimated using histogram plots that show normal distribution of length. Normality was tested at 99% confidence level. These histograms were used to estimate the possible life span of M. tuberculata.
The growth in length of M. tuberculata were theoretically calculated using the Von Bertalanffy Growth
]) where L t is the length at age t, L is the length at to, A is a constant, k is the growth coefficient and t o is the age at which the length is theoretically nil (Brown and Rothery, 1993) . The constants L ∞ , K, A, t o were calculated by using the Quasi-Newton method (Ostle & Mensing 1975) to the age-length data. For comparison with VBGF and RGF, the observed age length data were fitted to a linear regression equation. The relationships of shell length to dry body weight and shell weight were described using a power regression equation (Ott 1984) .
The relationships of the shell length to shell width, aperture length, aperture width, shell weight, dry weight, ratio of aperture width to shell width, ratio of aperture length to shell length, ratio of shell length to shell width, and to the ratio of aperture length to aperture width were studied using regression analysis.
RESULTS
Age and Growth
The frequency distribution of shell length of the collected M. tuberculata snails from hot springs which fits normal distribution indicates the presence of five age Tab. 1. Observed and calculated shell lengths (mm) of various groups of Melanoides tuberculata collected from hot spring (A) and freshwater pools (B), using Von Bertalanffy's Growth Formula (VBGF), the Richard's Growth Formula (RGF), and the linear equation.
cohorts (Fig. 1) , while of snails collected from freshwater pools indicates the presence of four age cohorts (Fig. 2) . The mean observed length at each of these age cohorts was 8. 26, 13.45, 17.26, 21.83, and 27.92 mm, and 2.42, 4.29, 11.82, and 16 .31 mm, respectively (Tab. 1). Calculated shell length using VBGF, RGF and the linear regression were highly correlated with the observed values for both groups of snails (R 2 > 0.96). Thus, it is expected that snails from hot springs and freshwater pools may survive to five and four years, respectively. The annual observed increase in length ranges from 3.81 to 6.09 mm and from 1.87 to 6.53 mm for snails from hot spring and freshwater pools, respectively. However, these differences are not statistically significant (P=0.1007). Theoretically the increment ranges from 3.87 to 6.07 mm and from 3.72 to 5.85 mm, respectively (Tab. 1). The theoretical growth parameters of M. tuberculata from hot springs using VBGF and RGF were similar (Tab. 2). The theoretical maximum length was 55.3 and 56.0 mm, and growth coefficient (K) was 0.134 and 0.123, respectively. Likewise, theoretical growth of those from freshwater pools indicates that the maximum length may reach 28 and 26 mm and the (K) was 0.245 and 0.272, respectively (Tab. 2). Fig. 2 . The relationships of the shell length to total weight, shell weight, and soft tissues for snails from freshwater pools.
Tab. 2. Growth parameters of
Melanoides tuberculata from hot spring (A) and freshwater pool (B), using Von Bertalanffy's Growth Formula (VBGF) and the Richards Growth Formula (RGF). 
Shell Morphometrics
The mean shell length of age cohorts for both populations of M. tuberculata range from 8.26 to 27.92 mm (hot spring snails) and 2.42 to 16.31 mm (pools snails). The shell widths range from 2.90 to 9.88 mm and from 1.37 to 5.55 mm, respectively. The aperture lengths range from 2.27 to 7.41 mm and from 1.14 to 4.5 mm, respectively. The aperture width ranges from 1.35 to 4.43 mm, and from 0.88 to 2.74 mm, respectively. The relationships of the shell length (L) to shell width (W), aperture length (AL), and aperture width (AW) for snails from pools (Fig. 4) and hot spring (Fig. 5) are linear. The results of the regression equations are listed in tables 1 and 2.
The ratio of shell length to shell width of snails from pools increases with length, while the ratio of aperture length to shell length decreases slightly. Similarly the ratio of aperture width to shell width decreases with age. This may indicate that these snails become more elongated with age (Fig. 6 ). This can be inferred by comparing the slope of the straight line (0.03). The increase in
Length -Weight Relationships
Collected M. tuberculata snails from hot spring ranged in length from 5.5 to 30.0 mm, with an average of 16.3 ± 3.7 mm. In contrast, snails from freshwater pools range in length from 1.5 to 19.6 mm with an average of 7.8 ± 5.4 mm. Increase in shell and body weights of snails from pools was slower in young (< 13 mm in length) than older ones. This fact produced curvilinear relationships of the shell length to both shell and dry body weight (Fig. 3) Where X and X 1 represent the shell and dry body weight, respectively, and L represents shell length. No measurements were taken on shell or dry body weight for snails collected from hot spring because no live snails were found at the site after its closure by the government. 5 . The relationships of the shell length to aperture length/aperture width ratio, aperture width/shell width ratio, shell length/shell width ratio, and aperture length/shell length ratio for snails from freshwater pools. ratio of aperture width to width is less than increase in length since the value of the slope is less than (1.0). On the other hand, these ratios remain almost constant with age for snails from the hot spring (Fig. 7) .
DISCUSSION
Results indicate that M. tuberculata from the hot spring and freshwater pools at Azraq may survive for five and four years, respectively. Theoretically snails may reach 56.0 and 28.0 mm in length, respectively. However, observed lengths reached 30.0 and 19.6 mm, respectively. The longer M. tuberculata snails at the hot spring are probably due to higher water temperature and the abundance of food (algae) at the hot spring. This feature made the living conditions for these snails excellent and thus they may reach longer lengths. This phenomenon is in spite of the fact that higher temperature may increase metabolic rates and thus shorter life spans. This problem was overcome by excellent conditions at hot springs. Livshits and Fishelson (1983) reported that M. tuberculata snails are mainly algivorous or detrivorous. In relatively warm water at a desert spring in United Arab Emirates (29.0-31.0 o C) M. tuberculata snails reached 26.0 mm in length (Ismail & Arif 1993) . Pointier (1993) reported that M. tuberculata snails from the marshy forest zone of Guadeloupe, French West Indies, reached a length of 10 mm after 4.5 months, 15 mm after 14 months, and in more than 30 months they reached 20 mm. Experimentally Livshits and Fishelson (1983) reported that M. tuberculata snails become fertile when reaching 15-16 mm at the age of six months and continued to grow to attain a maximum length of 27 mm, at a water temperature of 26-27 o C. Although there were differences between the two populations in length, the relationships of the shell length to shell width, aperture length, and aperture width were linear and similar regression equations were obtained. The relationship of the shell length to shell weight and body weight were curvilinear. Ismail et al. (2000) reported that the relationships of shell length of Drupella cornus from the Gulf of Aqaba to shell width, aperture length, and aperture width were linear. However, the relationships of the shell length to shell weight and body weight were curvilinear. Similarly M. tuberculata snails shell lengths showed a curvilinear relationship to shell weight and body weight. Fig. 6 . The relationships of the shell length to aperture length/aperture width ratio, aperture width/shell width ratio, shell length/shell width ratio, and aperture length/shell length ratio for snails from the hot spring.
CONCLUSIONS
There were differences between the two populations in length. This is evident in the relationships of the shell length to shell width, aperture length, and aperture width and in the relationships of the shell length to shell weight and body weight. M. tuberculata from the hot spring may survive for five years and M. tuberculata from the freshwater pools at Azraq may survive for four years. The rsults indicate that there are effects due to temperature difference between the hot springs and pools on the age, growth and the morphometrics of the two populations of M. tuberculata.
